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(54) ADAPTIVE DIRECTIVITY TRANSMISSION DEVICE AND METHOD 



(57) A diversity receiver estimates a reception 
weight using signals received at a plurality of antennas, 
a target pattern former forms a target radiation pattern 
based on the estimated reception weight, a transmis- 
sion pattern former forms a transmission radiation pat- 
tern with a transmission weight using an arbitrary 
transmission weight as an initial value, a controller limits 
an angle range in which formation of the target radiation 
pattern and formation of the transmission radiation pat- 
tern are executed, an error detector detects arl error 



between the target radiation pattern and the transmis- 
sion radiation pattern, and sLtojectsthe detected error to 
logarithmic transformation, an updator updates the 
transmission weight so as to reduce the error subjected 
to logarithmic transformation, and a directivity former 
provides a transmission signal with a directivity accord- 
ing to the transmission radiation pattern formed using 
an updated transmission weight. 
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Description 

Technical Field 

5 [0001] The present invention relates to an adaptive-directivity transmission apparatus and adaptive-directivity 
transmission method that are applied to, for example, a base station apparatus in a mobile communication system. 

Background Art 

10 [0002] An example of conventional adaptive-directivity transmission techniques is explained. The adaptive-directiv- 
ity transmission is a technique that is studied on the premise that mainly a base station apparatus transmits a signal to 
a mobile station such as a portable telephone in a mobile communication system. Specifically, the base station first esti- 
mates a direction of a place where the mobile station is preserrt based on reception weight information obtained in a 
reception circuit such as an adaptive array antenna provided in the base station. Then, the base station generates a 

15 directivity toward the estimated direction, and transmits a signal to the mobile station. Since the base station thus per- 
forms the adaptive-directivity transmission. It Is possible to improve a reception gain in the mobile station, and further 
to reduce interference to other mobile stations. 

[0003] When this technique is used, in the case of a Time Division Duplex (hereinafter referred to as TDD) system 
in which transmission and reception carrier frequencies used in communications are same, it is possible to use a recep- 

20 tion weight as a transmission weight without modifying the reception weight. 

[0004] However, in the case of a Frequency Division Duplex (hereinafter referred to as FDD) system in which trans- 
mission and reception carrier frequencies used in communications are different, antenna Intervals defined by a wave- 
length are different between a reception carrier frequency and a transmission carrier frequency. Therefore, it Is not 
possible to obtain a directivity to be needed using the reception weight as the transmission with no modification per- 

25 formed. Accordingly, it is necessary to perform a con-ection on the reception weight due to a difference between the 
reception and transmission frequencies. 

[0005] As methods for correcting the difference between the reception and transmission frequencies, there are fol- 
lowing methods: 

30 (3) Convert reception weights Into transmission weights collectively using a predetermined conversion equation in 
the case where an arrival direction of a received signal is recognized in advance, or where an arrival direction of a 
received signal is estimated; 

@ obtain a transmission weight for forming a transmission radiation pattern (hereinafter referred to as 'transmis- 
sion pattern") with a directivity pointing only to an arrival direction of a desired signal, using a reception radiation 
35 pattern(herelnafter refen-ed to as '^reception pattern") ; and 

<S> otrtain a transmission weight for minimizing an error between a reception pattem and a transmission pattern 
using a predetermined calculation equation with a negative feedback control. Thus, in the adaptive-directivity trans- 
mission in a conventional FDD system, the transmission weight is obtained from the rec^tion weight with the pre- 
determined equation, and then the appropriate transmission pattern is achieved. 

40 

[0006] However, in the above-described method ® of collectively converting. In the case where the transmission 
pattern obtained with the transmission weights that are collectively converted is compared to the reception pattern, the 
patterns of a portion around a signal arrival direction are approximate in both radiation patterns, but a difference 
between the transmission pattem and the reception pattern becomes large in the portion away from the signal arrival 

45 direction as the portion goes away therefrom. 

[0007] Further, in the above-described method (3) of obtaining a transmission weight for minimizing an error 
between a reception pattern and a transmission pattern using a predetermined calculation equation, the approximation 
is poor in a direction where an antenna directive gain is extremely suppressed, called null point. Furthermore, since it 
is necessary to examine a pattern error for all directions (0° to 360°) on the two-dimensional plane, this method requires 

50 a lot of time and calculation amounts by the time a value of the obtained transmission weight converges. 

[0008] The null point is generated to suppress the Interference signal, for example, when a base station receives 
the interference signal against a desired signal at the time the desired signal is received from mobile station A. There- 
fore, since it is considered that another base station B Is present at the direction of the null point, in the case where the 
base station performs the adaptive-directivity transmission to mobile station A, if the base station suppresses a signal 

55 transmission level to the direction of the null point, the interference in mobile station B is thereby reduced. Accordingly, 
it Is important, for the improvement of the system performance, to obtain the transmission pattern of which the null point 
is approximated to that in the reception pattern. 
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Disclosure of Invention 

[0009] An object of the present invention is to provide an adaptive-directivity transnrdssion apparatus and adaptive- 
directivrty transmission method which can improve the approximation of a transmission pattern and reception pattern at 
5 a directive antenna gain suppressed direction, white being capable of reducing a time and calculation amount required 
by the time a value of transmission weight converges, in the case of using the method for obtaining a transmission 
weight that minimizes an error between the transmission pattern and reception pattern with a predetermined calculation 
equation. 

[001 0] To achieve the above object, the adaptive-directivity transmission apparatus according to the present inven- 
10 tion subjects the error between the transmission pattern and reception pattern to logarithmic transformation, and 
obtains a transmission weight that minimizes the error subjected to the logarithmic transformation. The directive 
antenna gain is generally represented using dB as a unit. The directive antenna gain at a null point is normally smaller 
than the maximum value of the directive antenna gain by 30dB to 40dB. Otherwise, the gain at the null point is 1/1 ,000 
to 1/10,000 the maximum value in the true value. Accordingly, since the error between the transmission pattern and 
15 reception pattern around the null point becomes an extremely small value.in the adaptive-directivity transmission appa- 
ratus according to the present inverrtion the error is calculated using dB. not the true value. In the adaptive*dlrectlvity 
transmission apparatus according to the present invention it is thus possODle to improve the approximation of the trans- 
mission pattern and reception pattern at the directive antenna gain suppressed direction, 

[001 1 ] Further, to achieve the above object, the adaptive-directivity transmission apparatus of the present invention 
20 limits a range in which the error between the transmission pattern and reception pattern is searched to a predetermined 
range. In the adaptive-directivity transmission apparatus according to the present invention it is thereby possible to 
reduce the time and calculation amount required by the time the value of transmission weight converges. 

Brief Description of Drawings 

25 

[0012] 

FIG.1 is a block diagram illustrating a configuration of an adaptive-directivity transmission apparatus according to 
a first embodiment of the present invention; 
30 FIG.2 is a block diagram illustrating a configuration of a weight correction circuit in the adaptive-directivity transmis- 
sion apparatus according to tiie above first embodiment; 

FIG.3A,FIG.3B and FIQ.3C are radiation pattern diagrams for use in the above first embodiment: 
FIG.4 is a block diagram illustrating a configuration of an adaptive^lirectivity transmission apparatus according to 
a second embodiment of the present invention; 
35 FIG.5 is a block diagram illustrating a configuration of a weight correction circuit in the adaptive-directivity transmis- 
sion apparatus according to tiie above second embodiment: 

FIG.6 is a diagram illustrating an arrangement of antennas of a base station, and settings of radio signal arrival 
angles and radio signal transmission angles to respective antennas, in the adaptive-directivity transmission appa- 
ratus of the atx)ve second embodiment; 
40 FIG.7 is a radiation pattern diagram for use In the above second embodiment; 

FIG.8 is a block diagram illustrating a configuration of an adaptive-directivity transmission apparatus according to 
a third embodiment of the present invention; 

FIG.9 is a block diagram illustrating a configuration of a weight correction circuit in the adaptive-directivity transmis- 
sion apparatus according to the above third Embodiment; 
45 FiG.10 is a diagram illustrating object ranges and directivities of sector antennas in the third embodiment of the 
present invention; 

FIG.1 1 is a radiation pattern diagram for use in the above third embodiment; 

FIG. 12 is a block diagram illustrating a configuration of an adaptive-directivity transmission apparatus according to 
a fourth embodiment of the present invention; 
50 FIG. 13 is a block diagram illustrating a configuration of a weight correction circuit in the adaptive-directivity trans- 
mission apparatus according to the above fourth embodiment; 
FIG. 14 is a radiation pattern diagram for use in the above fourth embodiment; 

FIG. 15 is a flow chart to explain weight correction processing in the adaptive-directivity transmission sipparatus 
according to the above fourth embodiment; 
55 FIG. 16 is a block diagram illustrating a configuration of an adaptive-directivity transmission apparatus according to 
afiftii embodiment of the present invention; 

FIG.1 7 is a block diagram illustrating a configuration of a weight correction circuit in the adaptive-directivity trans- 
mission apparatus according to the above fifth embodiment; 
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FIG.18 is a radiation pattern diagram for use in the above fifth embodiment; and 

FIG. 19 is a flowchart to explain weight correction processing in the adaptive-directivity transmission apparatus 
according to the above fifth embodiment. 

5 Best Mode for Carrying Out the Invention 

[0013] Embodiments of an adaptive-directivity transmission apparatus and adaptive-directivity transmission 
method of the present invention are explained below specifically using drawings. 

10 (First embodiment) 

[001 4] FIG. 1 is a block diagram illustrating a configuration of an adaptive-directivity transmission apparatus accord- 
ing to the first embodiment of the present invention. 

[0015] In FIG.1 , 100 Is a mobile station with two antennas 101 and 102 (for example, car telephone), and 103 is a 
75 base station which performs radio communications with nrx)bile station 100. Base station 103 has the function as a 
delay apparatus for other network systems, further has a plurality (in this example, 4) of antennas 104 to 107, and using 
the antenna group, transmits and receives radio signals to/from antennas 101 and 102 of mobile station 100. 
[0016] Four analog signals received at antennas 104 to 107 of base station 103 are converted into intermediate- 
frequency signals and amplified in reception RF section 108, and then inputted to radio signal processing section 109, 
20 respectively 

[0017] Four analog signals inputted to radio signal processing section 109 are subjected to quadrature demodula- 
tion in demodulation circuit 1 1 0. The demodulated signals are converted into digital signals in A/D converter 111, and 
then inputted to baseband signal processing section 1 12. 

[001 8] Four digital signals that are inputted to baseband signal processing 1 1 2 are weighted in diversity reception 
25 circuit 1 13 to be combined, and then decoded in data detector 1 14. The decoded signal is transmitted to another net- 
work system via interface section 115. 

[0019] On the other hand, a signal inputted to baseband signal processing section 112 via interface section 115 
from another network system is modulated in modulator 116, and then inputted to beam forming circuit 118. 
[0020] In beam forming circuit 118. the modulated signals are provided with the directivity using transmission 
30 weights which are obtained in weight correction circuit 1 1 7 using values of reception weights obtained in diversity 
reception circuit 113, and thus four transmission signals are generated. Four transmission signals are converted into 
signals with the radio carrier frequency in transmission RF section 119, and then transmitted respectively from anten- 
nas 104 to 107 to mobile station 100. 

[0021] FIG.2 is a block diagram illustrating a configuration of weight correction circuit 1 17. As illustrated in FIG:2, 

35 weight correction circuit 1 17 is comprised of target radiation pattern{hereinafter referred to as "target pattern") forming 
circuit 201 which forms a target pattern based on reception weight Wr obtained in diversity reception circuit 113, trans- 
mission pattern forming circuit 202 which forms a transmission pattern using transmission weight Wt. error detection 
section 205 comprised of error detection circuit 203 which detects an enor between the target pattern and a transmis- 
sion pattern and logarithmic transformation circuit 204 which subjects the detected error to logarithmic transformation, 

40 and update section 206 which updates transmission weight Wt so as to reduce the error. 

[0022] FIG.3 is a radiation pattern diagram for use in the first embodiment. In FIG.3, FIG.3(a), FIG.3(b) and 
FIG.3(c) respectively illustrate reception pattern 300. target pattern 301 and transmission pattern 302 subjected to 
transmission weight correction according to the first embodiment, and target pattern 301 and transmission pattern 303 
subjected to transmission weight correction according to the conventional method. 

45 [0023] Operations in weight correction circuit 1 17 are explained below using FIG.1 to FIG.3. 

[0024] When reception weight Wr is estimated in diversity reception circuit 113 using arrival radio signals from 
mobile station 100. target pattern forming circuit 201 forms reception pattern 300 with reception weight Wr. Further, tar- 
get pattern forming circuit 201 converts reception pattern 300 into target pattern 301 according to an arbitrary algorithm. 
Then, target pattern 301 is cutputted to error detection section 205. In addition, in the first ennbodiment. as an example 

50 of the algorithms for converting reception pattern 300 into target pattern 301 . used is the conversion method of convert- 
ing ail directions except main lobes into directive antenna gain suppressed directions. 

[0025] On the other hand, transmission pattern forming circuit 202 forms transmission pattern 302 using reception 
weight Wr as an initial value, and outputs transmission pattern 302 to error detection section 205. 
[0026] in error detection section 205, error detection circuit 203 first detects an error between target pattern 301 
55 and transmission pattern 302. Then, logarithmic transformation circuit 204 subjects the error amount to logarithmic 
transformation, and outputs the logarithmic error amount to update section 206. 

[0027] Update section 206 updates transmission weight Wt so as to reduce the enor based on the logarithmic error 
amount according to a predetermined algorithm. 
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[0028] As described above, weight correction circuit 117 executes a series of processing of formation of transmis- 
sion pattern, error detection and update of transmission weight Wt the predetermined nunnber of times or until the error 
converges on a constant value, thereby forming transmission pattern 302. 

[0029] Thus, according to the first embodiment, since weight correction circuit 1 1 7 subjects the error amount to log- 
5 arithmic transformation, it is possible to use an error at a direction where the directive antenna gain is small also effec- 
tively in updating transmission weight Wt. As a result, it is possible to improve the approximation at the directive antenna 
gain suppressed direction. 

[0030] In addition, in the first embodiment, although reception weight Wr is used as the initial value of transmission 
weight Wt it may be possible to use any other value. Further, it may be possible to use reception pattern 300 as the 
10 target pattern. 

(Second embodiment) 

[0031 ] FIG.4 is a block diagram illustrating a configuration of an adaptive-directivity transmission apparatus accord- 
15 ing to the second embodiment of the present invention. In addition, in the second embodiment illustrated in FIG.4. each 
section with the same configuration as that in tiie first embodiment illusti-ated in F1G.1 is given the same symbol to omit 
explanations thereof. 

[0032] The different point of the second embodiment illustrated in FIG.4 from the first ennbodiment illustrated in 
F1G.1 is a configuration of a weight correction circuit indicated with symbol 401 in FIG.4. FIG.5 is a block diagram illus- 

20 trating a configuration of weight correction circuit 401 . 

[0033] Weight correction circuit 401 illustrate in FIG.5 is comprised of target pattern forming circuit 501 which 
forms a target pattern based on reception weight Wr obtained in diversity reception circuit 113, transmission pattern 
forming circuit 502 which forms a transmission pattern using transmission weight Wt. error detection section 503 which 
detects an error between the target pattern and the transmission pattern, update section 504 which updates transmis- 

25 sion weight Wt so as to reduce the error, and correction control circuit 505 which performs the control of an error detec- 
tion range and update range of ti-ansmission weight Wt. 

[0034] FIG.6 is a diagram illustrating an anangement of antennas of a base station, and settings of radio signal 
arrival angles and radio signal transmission angles to respective antennas, in the adaptive-directivity transmission 
apparatus of the second embodiment. 
30 [0035] FIG.7 is a radiation pattern diagram for use in the second embodiment. In FIG.7. 700 is a target pattern. 701 
is a transmission pattern subjected to transmission weight correction according to the second embodiment, and 702 is 
a transmission pattern subjected to transmission weight correction according to the conventional method with ail direc- 
tions used as the object range. In addition, it is assumed in this embodiment to use the reception pattern as target pat- 
tern 700. 

35 [0036] Characteristic operations of the second embodiment are explained below using FIG.5 to FIG.7. 

[0037] In the second ennbodiment. based on a signal vector with same levels in alt the direction (steering vector) 
that can be obtained from incident angle e of a received signal being incident upon each of antennas 104 to 107 of 
which the arrangement is preset, an angle range is obtained in which a radiation pattern forms mirror images, and the 
range for the update or other processing on transmission weight Wt performed in correction control circuit 505 is limited 

40 to a predetermined angle range, thereby making it possible to reduce the calculation amount. 

[0038] The specific explanation is described below. Steering vector X(e) obtained from the antenna anangement 
illustrated in FIG.6 is expressed with the following equation (1). 

X(6)=[exp{/7t(sine)}.exp{72n(sine)}.exp{y'37i(sine)}.exp{y47t(sine)}] (1) 

45 

[0039] It is understood that X(e) forms mirror images along the 90° line as a center from the definition of trigono- 
metric function sine e. Accordingly, since reception weight Wr adopts a single value and the reception pattern forms mir- 
ror images in ranges of - -90° ^ e ^ 90" and 90° ^ e ^ 270°. the range of -90° s 9 ^ 90° is preset in con-ection control 
circuit 505 as an angle range in which the error detection and update of transmission weight Wt are executed. 
so [0040] In weight correction circuit 401 , target pattern forming circuit 501 controlled by correction control circuit 505 
forms target pattern 700 in the range of -90° ^ 8 ^ 90° with reception weight Wr. 

[0041] On tine other hand, transmission pattern forming circuit 502 forms transmission pattern 701 using reception 
weight Wr as an initial value. Then, error detection section 503 detects an error between target pattern 700 and trans- 
mission pattern 701 . Based on the detected error, update section 504 updates ti-ansmission weight Wt so as to reduce 
55 the error according to the predetermined algorithm. At this point, correction conti'ol circuit 505 controls the angle range, 
in which the formation of transmission pattern 701 , the error detection, and the update of transmission weight Wt are 
executed, at -90° ^ e ^ go**, 

[0042] As described above, weight correction circuit 401 executes a series of processing of the formation of trans- 
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mission pattern 701. error detection, and update of transmission weight Wt in the predetermined angle range (-90" s e 
s 90*') the predetermined number of times, or until the en'or converges on a constant. 

[0043] Thus, according to the second embodiment, since the range in which the series of processing such as the 
update of transmission weight Wt is executed is limited to the predetermined angle range (-90' ^ e ^ 90**), It Is possible 
5 to reduce the calculation amount required for the series of processing, while holding the correction accuracy with almost 
the same degree, as compared to the case where the series of processing Is executed with all directions (all-angle 
range) used as the object range. 

[0044] In addition. In the second embodiment, although the reception pattern is used as the target pattern, it may 
be possible to form a target pattern using reception weight Wr with the other algorithm. Further, although reception 
10 weight Wr Is used as an initial value of transmission weight Wt, It may be possible to use the other arbitrary values. 

(Third embodiment) 

[0045] FIQ.8 Is a block diagram illustrating a configuration of an adaptive-directivity transmission apparatus accord- 
75 ing to the third embodiment of the present invention. In addition, in the third embodiment illustrated in FIG.8. each sec- 
tion with the same configuration as that In the second embodiment illusti-ated in FIG.4 is given the same symbol to omit 
explanations thereof. 

[0046] The different points of the third embodiment illustrated In FIG.8 from the second embodiment Illustrated In 
F1G.4 are that antennas 104 to 107 are sector antennas, and that weight correction circuit 801 limits an angle range for 
20 the weight correction processing corresponding to the directivities of sector antennas 104 to 1 07. 

[0047] FIG.9 Is a block diagram illustrating a configuration of weight correction circuit 801 . In addition, FIG. 10 is a 
diagram Illustrating object ranges and directivities of sector antennas 104 to 107. 

[0048] Further, FIG.1 1 Is a radiation pattern diagram for use In the third enrtoodiment. In FIG.1 1 , 1 100 is a target 
pattern, 1101 is a transmission pattern subjected to transmission weight correction according to the third embodiment, 
25 and 1 102 is a transmission pattern subjected to transmission weight correction according to the conventional method 
with all directions used as the object range. In addition, It is assumed in this embodiment to use the reception pattern 
as target pattern 1 1 00. 

[0049] As described above, since the third embodiment has the feature that the angle range for the weight confec- 
tion processing Is limited corresponding to the directivities of sector antennas 104 to 107, it is assumed that as the 
30 angle range in which the error detection and update of weight are executed. -70** s e ^ 70° is preset In conrection control 
circuit 905 illustrated In FIG.9 based on the antenna directivity illustrated in FIG. 10. 

[0050] In weight correction circuit 801 , target pattern forming circuit 901 controlled by correction control circuit 905 
forms target pattern 1 100 In the range of -70** ^6^70** with reception weight Wr. 

[0051] On the other hand, ti-ansmission pattern forming circuit 902 forms transmission pattern 1101 using reception 
35 weight Wr as an initial value. Then, error detection section 903 detects an error between target pattern 1 1 00 and trans- 
mission pattern 1101. Based on the detected error, update section 904 updates transmission weight Wt so as to reduce 
the en-or according to the predetermined algorithm. At this point, connection control circuit 905 conti-ols the angle range, 
in which the formation of transmission pattern 1101. error detection, and update of transmission weight Wt are exe- 
cuted, at -70° ^ e ^ 70^ 

40 [0052] As described above, weight correction circuit 801 executes a series of processing of the formation of trans- 
mission pattern 1 101 , error detection, and update of transmission weight Wt in the predetermined angle range (-70° s 
0 ^ 70°) the predetermined number of times, or until the error converges on a constant. 

[0053] Thus, according to the third embodiment, it is possible to further reduce tiie calculation amount without the 
correction accuracy deteriorates as compared to the second embodiment. 
45 [0054] In addition, in tine third embodiment, although the reception pattern Is used as the target pattern, It may be 
possible to form a target pattern using reception weight Wr with the other algorithm. Further, although reception weight 
Wr is used as an initial value of transmission weight Wt. it may be possible to use other arbitrary values. 

(Fourth embodiment) 

50 

[0055] FIG. 12 is a block diagram illustrating a configuration of an adaptive-directivity transmission apparatus 
according to the fourth embodiment of the present invention. In addition, in the fourtii embodiment illustrated in FIG.12, 
each section with the same configuration as that in the tiiird embodiment illust-ated in FIG.8 is given the same symbol 
to omit explanations thereof. 

55 [0056] The different point of the fourth embodiment illustrated in FIG.12 from the third embodiment illustrated in 
FIG.8 is that in the case where an angle range for the weight correction processing Is limited to an arbitrary range by 
weight correction circuit 1201, the series of processing of the formation of transmission pattern, error detection and 
update of transmission weight is executed to the end point of the limited angle range, and repeated again to another 
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end point of the limited angle range. Thus, the processing is executed in the limited angle range forth and back alter- 
nately, i.e., in the mutually reverse directions. 

[0057] FIG. 13 is a block diagram illustrating a configuration of weight correction drcurt 1201. As illustrated in 
F1G.13, weight correction circuit 1201 is comprised of target pattern forming circuit 1301 which forms a target pattern 

5 based on reception weight Wr obtained In diversity reception circuit 113. transmission pattern forming circuit 1302 
which forms a transmission pattern using transmission weight Wt, error detection section 1303 which detects an error 
between the target pattern and the transmission pattern, update section 1304 which updates transmission weight Wt 
so as to reduce the error, and correction control circuit 1305 which performs the control of an error detection range, and 
update range and update direction of transmission weight Wt. 

10 [0058] FIG. 14 is a radiation pattern diagram for use in the fourth embodiment lnFIG.14. 1400 is a target pattern, 

1401 is a transmission pattern subjected to transmission weight correction according to the fourth embodiment, and 

1 402 is a transmission pattern, subjected to the transmission weight correction, formed in the third embodiment (update 
only in one direction). In addition, it is assumed in this embodiment to use the reception pattem as target pattern 1400. 
[0059] Characteristic operations of the fourth embodiment are explained below with reference to a flowchart lllus- 

15 trated in FIG. 15. In addition, it is assumed in the fourth embodiment that the angle range for the update is set at -70° ^ 
e ^ 70°. 

[0060] In weight correction circuit 1 201 , first, target pattern forming drcuit 1301 controlled by correction control cir- 
cuit 1305 forms target pattern 1400 in the range of -70° s e s 70° with reception weight Wr. 

[0061] Next, in weight correction circuit 1201, the series of processing of the formation of transmission pattern 
20 1 401 , error detection, an6 update of transmission weight Wt is executed according to the flowchart illustrated in FIG.1 5. 
[0062] Specifically, first, at step (hereinafter referred as "ST) 1501, correction control circuit 1305 substitutes -70° 
for e, and transmission pattern forming circuit 1302 forms transmission pattern 1401 at -70°, 

[0063] Next, at ST1502. en-or detection section 1303 detects an error at -70° between target pattern 1400 and 
transmission pattern 1401, and based on the detected error, update section 1304 updates transmission weight Wt so 

25 as to reduce the error according to the predetermined algorithm. 

[0064] Next, at ST1503, conrection control circuit 1305 increases e by an arbitrary angle interval (=Ae). 
[0065] Then, at ST1504, correction control circuit 1305 decides whether 6 reaches the end of the angle range for 
the processing (70°), and when 9 does not reach the end point, the processing flow returns to ST1 502, and the process- 
ing of ST1502 to ST1504 is repeated. On the other hand, when d reaches the end point, at ST1505, correction control 

30 circuit 1305 substitutes +70° for 0. and transmission pattern forming circuit 1302 forms transmission pattern 1401 at 
+70°. 

[0066] In other words, in weight correction circuit 1201. the series of processing of the formation of transmission 
pattem 1 401 . error detection, update of transmission weight Wt Is sequentially executed repeatedly until 6 reaches +70° 
starting from -70°, thus forming transmission pattern 1401 in the range of -70° to +70°. 
35 [0067] Next, ST1 506. error detection section 1 303 detects an error at +70° between target pattern 1 400 and trans- 
mission pattem 1401 . and based on the detected error, update section 1304 updates transmission weight Wt so as to 
reduce the error according to the predetermined algorithm. 

[0068] Next, at ST1507, con-ection control circuit 1305 decreases 0 by an arbitrary angle interval (=Ae). 

[0069] Then, at ST1 508, correction control circuit 1 305 decides whether 0 reaches the other end of the angle range 

40 for the processing (-70°). and when e does not reach the other end point, the processing flow returns to ST1506, and 
the processing of ST1506 to ST1508 is repeated. On the other hand, when 6 reaches the other end point, at ST1509. 
correction control circuit 1305 decides whether or not the error converges on a constant value. When the error does not 
converges on the constant value, the processing flow returns to ST1 501 to repeat the processing of ST1501 to ST1 509. 
and when the en^or converges on the constant value, the processing is finished. 

45 [0070] Thus, according to the fourth embodiment, in the case where the angle range for the processing is limited to 
a half range or an arbitrary range, it is possible to reduce the deterioration of accuracy of radiation pattern approxima- 
tion due to effects of discontinuity at the end points of the angle range for the processing. 

[0071] In addition, in the fourth embodiment, although the angle range for the processing is set at -70° ^ e ^ 70°, 
and the starting point is set at -70°, it may be possible to employ any angle range and any starting point. Further, 
50 although the reception pattern is used as the target pattern, it may be possible to form a target pattern using reception 
weight Wr with the other algorithm. Furthermore, although reception weight Wr is used as an initial value of transmis- 
sion weight Wt. it may be possible to use the other arbitrary values. 

(Fifth embodiment) 

55 

[0072] FIG. 16 is a block diagram illustrating a configuration of an adaptive-directivity transmission apparatus 
according to the fifth embodiment of the present invention. In addition, in the fifth embodiment illustrated in FIG. 16. each 
section with the same configuration as that in the fourth embodiment illustrated in FIG. 12 is given the same symbol to 
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omit explanations thereof. 

[0073] The different point of the fifth embodiment illustrated in FIG. 16 from the fourth embodiment illustrated in 
FIG.12 is that when weight con-ection circuit 1601 executes the series of processing of the formation of transmission 
pattern, error detection and update of transmission weight the predetermined number of times, or until the error con- 
5 verges on a constant value repeatedly at arbitrary angle intervals AO, weight correction circuit 1601 executes the 
processing shifting the angle at which the processing is executed, white holding angle interval A6, and interpolates fur- 
ther finely In angle interval A6, thus making it possible to reduce the calculation amount with the correction accuracy 
kept. 

[0074] FIQ.17 is a block diagram illustrating a configuration of weight correction circuit 1601. As illustrated in 
10 FIG.17. weight correction circuit 1601 is comprised of target pattern forming circuit 1701 which forms a target pattern 
based on reception weight Wr obtained in diversity reception circuit 113, transmission pattern forming circuit 1702 
which forms a transmission pattern using transmission weight Wt, error detection section 1703 which detects an error 
between the target pattern and the transmission pattern, update section 1704 which updates transmission weight Wt 
so as to reduce the error, and correction control circuit 1705 which performs the control of an error detection range, and 
75 update range and update direction of transmission weight Wt. 

[0075] FIG.18 is a radiation pattern diagram for use in the fifth embodiment. In FIG.18, 1800 is a target pattern, 
1801 is a transmission pattern subjected to transmission weight correction according to the fifth embodiment and 1802 
Is a transmission pattern subjected to transmission weight correction at a fixed angle for the processing. In addition, it 
Is assumed in this embodiment to use the reception pattern as target pattern 1800. 
20 [0076] Characteristic operations of the fifth embodiment are explained below with reference to a flowchart illus- 
trated in FIG.19. In addition, it is assumed in the fifth embodiment that the angle range for the update is set at 0"* ^ 6 ^ 
360^ 

[0077] In weight correction circuit 1601 , first, target pattern forming circuit 1 701 controlled by correction control cir- 
cuit 1 705 forms target pattern 1 800 in the range of 0* ^ e < 360° with reception weight Wr. 
25 [0078] Next, in weight correction circuit 1601, the series of processing of the fornnation of transmission pattern 
1801 , error detection, and update of transmission weight Wt is executed according to the flowchart illustrated in FIG. 19. 
[0079] Specifically, first, at ST1901 , connection control circuit 1705 substitutes 0° for a that is a starting point of the 
above-mentioned series of processing. 

[0080] Next, at ST1902, correction control circuit 1705 substitutes (0° + a) for 6, and transmission pattern forming 
30 circuit 1302 forms transmission pattern 1801 at 0°. 

[0081 ] Next, at ST1 903, error detection section 1 703 detects an error at 0° between target pattern 1 800 and trans- 
mission pattern 1 801 , and based on the detected error, update section 1 704 updates transmission weight Wt so as to 
reduce the error according to the predetermined algorithm. 

[0082] Next, at ST1904. correction control circuit 1705 increases 6 by arbitrary angle interval Ae (A6 = 10* in the 
35 fifth errt)odiment). 

[0083] Then, at ST1905, correction control circuit 1705 decides whether 9 exceeds 360** (360° < 6), and when 9 
does not exceed 360°, the processing flow returns to STig03, and the processing of ST1903 to ST1905 is repeated. 
On the other hand, when 360° < 0, at ST1906. correction control circuit 1705 increases starting point a by Aa (Aa = 2** 
in the fifth embodiment). 

40 [0084] Next, at ST1907, correction control circuit 1705 decides whether starting point a reaches 10° (10° ^ a), and 
when starting point a does not reach 10°, the processing flow returns to ST1902, and the processing of ST1902 to 
ST1907 is repeated. On the other hand, when 10° ^ a, at ST1908, correction control circuit 1705 decides whether or 
not the error converges on a constant value. When the error does not converges on the constant value, the processing 
flow returns to ST1901. and the processing of ST1901 to ST1908 Is repeated. When the error converges on the con- 

45 stant value, the processing is finished. 

[0085] Thus, weight correction circuit 1601 executes the series of processing of the formation of transmission pat- 
tern 1801, error detection and update of transmission weight Wt to the other end shifting starting point a from 0° to 8° 
by Aa (Aa = 2** in the fifth emtxxliment). 

[0086] Thus, according to the fifth embodiment, it is possible to reduce the calculation amount with the converge 
50 rate increased, thereby making it possible to improve the accuracy for following changes of environments. 

[0087] In addition, in the fifth embodiment, although the reception pattern Is used as the target pattern, it may be 
possible to form a target pattern using reception weight Wr with the other algorithm. Further, although reception weight 
Wr is used as an initial value of transmission weight Wt. it may be possible to use the other arbitrary values. 
[0088] As described above, accorcOng to the present invention, it is possible to handle a range of error variation due 
55 to the variation of directive antenna gain such as 10*" time (n is an integer number) with high accuracy, thereby making 
it possible to inrtprove the approximation of the directive antenna gain suppressed direction. 

[0089] Further, it is possible to simplify the processing section for forming a target pattern, thereby making it possi- 
ble to reduce the entire processing amount. 
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[0090] Furthermore, in the case where an arbitrary axis around which the radiation pattern forms mirror images is 
present in any direction within 360* in the directivity on a horizontal plane for an antenna, the error detection and update 
of transmission weight are executed in half the range of mirror images, and modified for 360** when the radiation pattern 
^ is formed. As a result, it is possible to reduce the calculation amount with the correction accuracy held at almost the 

5 same degree, as compared to the case where the error detection and update of transmission weight are executed in all 
directions. 

^ [0091 ] Moreover, by using the directivities of sector antennas, and limiting the processing to be executed to the radi- 

ation pattern in a range close to that for reception to be executed, it is possible to further reduce the calculation amount 
as cofTpared to the case where the processing is executed in a half of all directions (range of ISC'*). 
10 [0092] Further, in the case where the angle range for the processing is limited to a half range or an arbitrary range, 
it is possible to reduce the deterioration of accuracy of radiation pattern approximation due to effects of discontinuity at 
the end points of the angle range for the processing. 

[0093] Furthermore, it is possible to reduce the calculation amount with the converge rate increased, thereby mak- 
ing it possible to improve the accuracy for followirig changes of environments. 
IS [0094] This application is based on the Japanese Patent Application No.HEM 0-1 77525 filed on June 24, 1998. 
entire content of which is expressly incorporated by reference herein. 



industrial Applicability 



20 [0095] The present invention is applicable to, for example, a base station apparatus and mobile station apparatus 
in mobile communication systems. 



Claims 



25 1 . An adaptive-directivity transmission apparatus comprising: 

a diversity receiver which estimates a reception weight using signals received at a plurality of antennas; 
a target pattern former which forms a target radiation pattern based on an estimated reception weight: 
a transmission pattern former which forms a transmission radiation pattern with a transmission weight using an 
30 arbitrary transmission weight as an initial value: 

a controller which limits an angle range in which formation of said target radiation pattern and formation of said 
transmission radiation pattem are executed; 

an error detector which detects an error between said target radiation pattern and said transmission radiation 
pattern; 

35 an updator which updates said transmission weight so as to reduce a detected error; and 

a directivity former which provides a transmission signal with a directivity according to said transmission radi- 
ation pattern formed using an updated transmission weight 



2. The adaptive-directivity transmission apparatus according to claim 1 , wherein said error detector subjects the 
40 detected error to logarithmic transformation, and said updator updates the transmission weight so as to reduce said 
error subjected to the logarithmic transformation. 



3. The adaptive-directivity transmission apparatus according to claim 1 , wherein said target pattern former forms a 
reception radiation pattern with an estimated reception weight, and converts the reception radiation pattern into the 
45 target radiation pattern according to an arbitrary algorithm, thereby forming said target radiation pattern based on 
said estimated reception weight. 



4. The adaptive-directivity transmission apparatus according to claim 1 , wherein based on signal vectors for all direc- 
tions obtained from signal incidence angles for a plurality of antenna configurations, said controller detects an angle 
50 range in which the target radiation pattern and transmission radiation pattern each forms mirror images, and limits 
the angle range in which the formation of said target radiation pattern and the formation of said transmission radi- 
ation pattern are executed. 



5. The adaptive-directivity transmission apparatus according to claim 1 , wherein in the case where the plurality of 
55 antennas are sector antennas, said controller sets an angle range corresponding to directivities of a plurality of sec- 
tor antennas, and limits the angle range in which the formation of said target radiation pattern and the formation of 
said transmission radiation pattern are executed. 
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6. The adaptive-directivity transmission apparatus according to claim 1 , wherein said controller limits an angle range 
in which the formation of said target radiation pattern and the formation of said transmission radiation pattern are 
executed, and increases an angle by a predetermined angle interval from a minimum angle to a maximum angle in 
a limited angle range, while decreasing the angle by said predetermined angle interval from said maximum angle 

5 to said minimum angle in said limited angle range. 

7. The adaptive-directivity transmission apparatus according to claim 1 , wherein said controller limits an angle range 
in which the formation of said target radiation pattern and the formation of said transmission radiation pattern are 
executed, and in a limited angle range, shifts a starting angle from which limitation is started to other arbitrary 

10 points sequentially, and increases an angle by a predetermined angle interval from said starting angle from which 
the limitation is started to a maximum angle for the limitation. 

8. A base station apparatus provided with an adaptive-directivity transmission apparatus, said adaptive-directivity 
transmission apparatus comprising: 

15 

a diversity receiver which estimates a reception weight using signals received at a plurality of antennas: 
a target pattern former which forms a target radiation pattern based on an estimated reception weight; 
a transmission pattern former which forms a transmission radiation pattern with a transmission weight using an 
arbitrary transmission weight as an initial value; 
20 a controller which limits an angle range in which formation of said target radiation pattern and formation of said 

transmission radiation pattern are executed; 

an error detector which detects an error between said target radiation pattern and said transmission radiation 
pattern; 

an updator which updates said transmission weight so as to reduce a detected error; and 
25 a directivity former which provides a transmission signal with a directivity according to said transmission radi- 

ation pattern formed using an updated transmission weight. 

9. A mobile station apparatus provided with an adaptive-directivity transmission apparatus, said adaptive-directivity 
transmission apparatus comprising: 

30 

a diversity receiver which estimates a reception weight using signals received at a plurality of antennas; 
a target pattern former which forms a target radiation pattern based on an estimated reception weight; 
a transmission pattern former which forms a transmission radiation pattern with a transmission weight using an 
arbitrary transmission weight as an initial value; 
35 a controller which limits an angle range in which formation of said target radiation pattern and formation of said 

transmission radiation pattern are executed; 

an error detector which detects an error between said target radiation pattern and said transmission radiation 
pattern; 

an updator which updates said transmission weight so as to reduce a detected error; and 
40 a directivity former which provides a transmission signal with a directivity according to said transmission radi- 

ation pattern formed using an updated transmission weight. 

10. A mobile communication system having a base station apparatus provided with an adaptive-directivity transmission 
apparatus and a mobile station apparatus provided with the adaptive-directivity transmission apparatus, said adap- 
ts tive-directivity transmission apparatus comprising: 

a diversity receiver which estimates a reception weight using signals received at a plurality of antennas; 
a target pattern former which forms a target radiation pattern based on an estimated reception weight; 
a transmission pattern former which forms a transmission radiation pattern with a transmission weight using an 
so arbitrary transmission weight as an initial value; 

a controller which limits an angle range in which formation of said target radiation pattern and formation of said 
transmission radiation pattern are executed; 

an error detector which detects an error between said target radiation pattern and said transmission radiation 
pattern; 

55 an updator which updates said transmission weight so as to reduce a detected error; and 

a directivity former which provides a transmission signal with a directivity according to said transmission radi- 
ation pattern formed using an updated transmission weight. 
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11. An adaptive-directivity transmission method comprising: 

the diversity receiving step of estimating a reception weight using signals received at a plurality of antennas; 
the target pattern forming step of forming a target radiation pattern based on an estimated reception weight; 
5 the transmission pattern forming step of forming a transmission radiation pattern with a transmission weight 

using an arbitrary transmission weight as an initial value; 

the control step of limiting an angle range in which formation of said target radiation pattern and formation of 
said transmission radiation pattern are executed; 

the error detection step of detecting an error between said target radiation pattern and said transmission radi- 
10 ation pattern; 

the update step of updating said transmission weight so as to reduce a detected error; and 
the beam forming step of providing a transmission signal with a directivity according to said transmission radi- 
ation pattern formed using an updated transmission weight. 

15 12. The adaptive-directivity transmission method according to daim 11. wherein in said error detection step, the 
detected error is subjected to logarithmic transformation, and In said update step, the transmission weight is 
updated so that said error subjected to the logarithmic transformation is reduced. 

13. The adaptive-directivity transmission method according to claim 11. wherein in said target pattern forming step, a 
20 reception radiation pattern is formed using an estimated reception weight, and the reception radiation pattem is 
converted into the target radiation pattern according to an arbitrary algorithm, whereby said target radiation pattern 
is formed based on said estimated reception weight. 
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